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Vm  only  Itnet  Indication*  of  brain  function  routinely  available 
'**  tin  psychopbyslologlet  ar*  oloctrlc  fields  accompanying  ’‘spontaneous'' 
nndevent-rolated  intracerebral  activity.  The  slow-wave  (1-20  Ha) 
ran  (XSG)  provides  a  very  general  index  of  the 
Of  "activation”  across  the  cerebral  aantle.  Such  aeasures 
nan  be  useful  in  aeaeaaiag  the  extent  to  which  various  cortical 
regions— -for  exaaple,  the  left  and  right  healspheres — are  differentially 
involved  in  various  types  of  tasks  (Robert,  1980a). 


Rvoat-ralatad  potentials  (RRPs)  ara  patterns  of  electric  change 
aaooelated  with  the  occurrence  of  fairly  discrete  external  or  internal 
sweats— a  flash  of  light,  a  decision.  Various  coaponents  of  RRPs 
reflect  activity  in.  different  regions  of  the  brain  and  different 
Information- processing  functions,  but— with  few  exceptions — the  exact 
of  the  potentials  and  their  precise  relationships  to  cognition, 

C,  activation,  sad  overt  behavior  are  unknown.  These  potentials 
from  the  vary  specific  dick-evoked,  high-frequency  burst  of  waves 
in  braiastca  auditory  structures  (voluae-conducted  to  scalp 
to  long- lasting  direct-current  (DC)  potentials  of  the  cortex 
related  to  anticipatory  processes.  Although  RRPs  are  coaposlte  reflec- 
ef  a  ayrlad  of  Intracerebral  transactions  and  their  true  fora  is 
by  tissues  between  the  cortex-  and  scalp-recording  electrodes, 
they  are  extreeely  useful  tools  for  assessing  the  functional  integrity 
ef  the  nervous  systea  (Ragan,  1972;  dalnoff,  1980;  Robert,  1980b).  RRPs 
have  bean  the  focus  of  Interest  of  aany  psychophysiologists  Interested 
is  the  neural  correlates  of  cognitive  processes  (e.g.,  Donchln,  1969; 

*ud  Deecke,  1980).  Plcton  and  Stuss  (1980)  have  thoroughly 
the  component  structure  of  the  known  RRPs,  their  sensitivi¬ 
ties  to  various  types  of  experiaantal  aanipulations,  and  their  presumed 
relationships  to  peychological  processes.  The  coaponent  structure  of 
Rtfs  varies  as  a  function  of  stimulus  modality,  recording  location,  task 
parameters,  and  subject  state,  among  many  other  factors.  In  a  situation 
requiring  the  detection  of  a  rare  event,  a  prominent  positive  wave 
(P300)  occurs,  with  latency  of  about  300  Mac.  This  nay  represent  the 
response  to  dlsconflraation  of  expectancy  and  is  Influenced  by  other 
subjective  factors  such  as  decision  confidence  (Hlllyard  et  al.,  1978). 


In  the  cued  reaction-tine  (RX)  task,  on*  stimulus  acts  as  s  warning 
that  a  ascend  stimulus,  which  has  significance  for  the  subject,  will 
subsequently  appear.  During  the  few  seconds  of  the  interstlaulus 
interval,  there  appears  a  slow  negative  potential  shift,  cdled  the 
eeatiagent  negative  variation  (CSV).  This  event  is  probably  a  non¬ 
specific  sign  ef  localised  cortical  activation  (Robert,  1980c).  A  slow 


shift,  the  ImltMbaftipotMtUl  (IP),  which  Is  aorpho- 
liiiUr  to  the  lata  portion  of  thn  CUV,  occurs  when  a  S_ 
in  the  abaaaca  of  any  preparatory  or  imperative  cues,  to  carry 
net* 
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•  Although  studies  of  hunao  elaetrocortlcal  activities  demonstrate 
the  validity  of  the  "biocybernetic"  concept  (Donchln,  I960;  Robert, 
19t0a),  a  couplet*  knowledge  of  BRPs  using  just  those  procedures  is 
precluded  by  *  number  of  liaitatlons  in  huean  scalp-recording  eethods. 
hr  example,  sealp  potentials  are  not  precise  reflections  of  the 
underlying  cerebral  activity  because  of  distortions  produced  by 
intervening  tissues,  many  cortical  events  era  not  apparent  in  scalp 
retort fags,  end  nr  components  recorded  from  the  scalp  are  unlikely  to 
be  due  to  discrete  generators,  but  probably  reflect  overlapping  sources 


'W 


the  foregoing  considerations  point  clearly  to  the  need  for  studies 
Of  nvo  In  aninals*  The  odvantagee  of  using  anlnsl  subjects  lie,  of 
course,  in  the  wide  variety  of  procedures  and  experimental  manipulations 
tbit  cam  be  carried  out — e.g.,  intracerebral  recording  and  atlaulatlng 
(either  electrically  or  pharmacologically),  disruption  of  known  neural 
It  histological  evaluations,  long-term  study  of  a  subject,  eye- 
injectloa  of  a  variety  of  pharmacological  agents,  direct  manip- 
ot  biological  drive  states  by  deprivation,  and  rigorous  control 
the  experimental  experiences  of  the  subjects. 


Choices  of  Rxaerimental  Parediam 

A  hoot  of  experimental  paradigms  can  be  employed  with  animals  to 
Otudy  Ilia*  The  one  selected  should  cognitively  engage  the  animal  and 
closely  approximate  paradigms  used  in  human  research.  Most  preferred  is 
a  patediga  that  is  sufficiently  general  to  Include  a  variety  of  psycho¬ 
logical  processes  and  RRP  components,  is  rigorous  in  terns  of  good 
control  over  the  behavioral  sequences  and  psychological  sets  induced  in 
the  animal,  cad  is  flexible  in  terms  of  the  ability  to  manipulate  a 
variety  of  experimental  variables  while  not  altering  the  basic  logical 
Stroetare  of  the  task.  In  addition,  because  homology  between  animal  and 
hunms  Ufa  is  important,  advantages  should  accrue  from  the  use  of  a 
behavioral  paradigm  for  rtich  there  already  exist  data  indicating  a 
doge  homology  of  BTa  elicited  by  the  situation  (Robert,  1972). 
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-9hg'caad  IT  task 
W  tbfc  most  precising 

in-aaliel*. 


ts  the  foregoing  criteria  and  was  considered  to 
to  oaa  in  early  studies  of  the  electrogenesis 


train  Sloe  Potentials 

ly  of  slou-potantlal  (SP)  changes  is  inportant  for  several 
rasa see  in  addition  to  those  Mentioned  above.  Recently,  there  has  been 
increasing  recognition  that  interneuronal  information  can  be  transmitted 
in  ways  other  than  classical  synaptic  transmission  which  Involves  a 
Specific  chemical  transmitter  that  induces  a  rapid  and  brief  de-  or 
Rpper- polarisation  of  the  postsynaptlc  membrane.  These  developments 
involve  both  electrotonic  and  molecular  mechanisms.  They  have  been 
reviewed  by  Schmitt  et  al.  (1976)  and  Dlsmukas  (1979)  and  elaborately 
treated  by  numerous  authors  in  the  MSP  Fourth  Study  Program  (Scfanltt  and 
Refine,  1979).  Bedes  and  McGear  (1979)  distinguished  the  classical 
synaptic  system  (the  ionotropic  system,  which  depends  on  the  opening  of 
ionic  gates  in  nerve  membranes  for  its  affects)  from  what  they  termed 
metabotropic  systems,  which  act  on  neurons  by  way  of  intracellular 
metabolic  alterations — so-called  second  messenger  systems  like  cyclic 
adamsaina  monophosphate.  The  basic  thrust  of  these  new  concepts  is  that 
theta  are  communication  systems  that  act  more  slowly,  for  longer  periods 
of  time,  and  lass  discretely  than  do  the  classical  synaptic  systems. 
Communication  involves  modulation  of  activity  in  the  classical  systems 
an  mall  ae  direct  influences  on  neural  activity.  For  example,  dopamine 
released  from  terminals  ascending  from  the  substantia  nigra  to  the 
eamdate  nucleus  alters  the  responsiveness  of  the  caudate  to  sensory 
stimulation  (Fork  and  Lynch,  1976). 

Both  the  modes  of  cellular  action  and  the  anatomical  configuration 
of  metabotropic  systems  are  incompatible  with  discrete  and  highly  local¬ 
ised  activity.  For  example,  the  raphe  system,  which  contains  almost  all 
of  the  brain’s  serotonin-containing  cell  bodies,  is  extremely  small;  yet 
its  processes  ramify  to  innervate  almost  all  areas  of  the  brain  (Ecdes 
and  McGear,  1979).  Chemical  modulator  substances  are  not  necessarily 
released  at  specific  synaptic  sites,  but  asy  diffuse  to  multiple  distant 
targets  through  the  extracellular  space.  Transaission  of  slowly  varying 
or  tonic  information  is  suggested  by  these  arrangements  (Dismukes, 

1979),  and  such  activities  have  been  suggested  as  the  mechanisms  that 
may  underlie  many  behavioral/ psychological  processes  such  as  attention, 
affective  state  (Dismukes,  1979),  and  other  cognitive  functions  (Schmitt 
at  al.,  1976)— concepts  that  ars  quits  in  line  with  the  newer  views  of 
cognitive  psychology. 


Of  specific  relevance  to  the  work  reported  here  Is  that  the  neta- 
hotropic  functions  are  nanlfestad  at  the  cellular  level  by  very  slow 
naabrsns  potentials  (Llbet,  1978)  that  could  underlie  slow  field  poten¬ 
tials  such  as  the  CK9  (labert,  1978;  1980b) •  The  concept  of  local 
SSCroeel  circuits  (Raklc,  1978)  is  also  relevant  to  studies  of  SPa* 

These  cooplos  neuronal  circuits  are  conposed  primarily  of  short-axon 
Golgi  type  It  neurons  that  interact  in  unconventional  ways,  such  as 
^HfiOugh  dendrodaadritlc,  somatodendritic,  dendrosomatic,  aomatoaxonic, 
end  axoaxonic  synapses  and  through  gap  Junctions  that  allow  direct 
eleetrotronlc  coupling.  Thus,  many  neurons  have  only  local  synaptic 
connections,  in  contrast  to  long  "through"  neurons,  and  an  enormous 
amount  of  bioelectric  information  la  processed  locally  by  dendritic 
networks,  primarily  through  graded  (slow)  potentials  rather  than 
regenerative  spikes.  The  nuaber  and  proportion  of  local  circuit  neurons 
increase  phylogenetlcally  and  these  neurons  constitute  a  pool  of  modifi¬ 
able,  cells  with  highly  complex  dendritic  processes  (Schmitt  at  si., 
1976).  The  dendritic  processes  of  stellate  cells  in  the  superficial 
region  of  the  cortex  are  more  complex  than  those  of  deeper  neurons,  and 
it  has  besn  suggested  (Caspers  et  al. ,  1980)  that  they  are  a  aajor 
source  of  surface-recorded  SPs.  Thus,  as  has  been  indicated  before 
(labert,  1978),  It  appears  that  the  study  of  SP  phenomena  provides  an 
increasingly  important  method  for  relatlog  complex  psychological 
processes  to  neural  events. 

Experimental  Issues 

▲  host  of  specific  issues  concerning  the  electrogenesis  of  ERPs, 
especially  the  SPs,  remain  unresolved.  These  Include  the  following: 


•  Distribution  in  the  brain.  In  What  regions  and  layers  of  the 
cortex  do  epeclflc  HP  components  occur?  In  what  subcortical 
nuclei  do  they  appear,  and  how  are  they  distributed  within  a 
given  nucleus  or  region?  Does  the  distribution  of  an  ESP 
component  like  the  CUV  reveal  anything  about  general  cerebral 
systems  that  mediate  behavior  in  a  task? 

e  lelatlonahlp  to  oeuronal  activity.  Do  ERPs  occur  in  close 
relationship  to  neuronal  spiking?  Is  thla  a  necessary 
relationship,  or  night  dendrltlcally  mediated  SPs  appear  in  the 
absence  of  spikes?  How  do  positive  and  negative  SPs  relate  to 
neuronal  discharge?  Is  that  relationship  the  sane  throughout 
the  brain?  What  is  the  best  way  to  study  the  relationship — by 
single  or  eassed  unit  analysis?  Bov  do  SP  and  unit  activities 
respond  to  the  manipulation  of  psychologically  relevant 
variables — l.s*.  do  both  nsasures  reflect  the  sane  neural 


METHODS 


Owtil  Test  Paradigm 

▲  schematic  representation  of  the  logic  of  the  cued  RT  task  is 
shown  In  Figure  1.  A  trial  can  be  Initiated  if  the  aninal  has 
Maintained  a  specified  hand  posture  (holding  on  to  a  round  knob  attached 
to  the  primate  chair  for  at  least  5  sac).  After  a  period  of  training, 
the  position  is  usually  Maintained  throughout  the  intertrlal  interval 
(ITI).  This  contingency  assures  a  greater  homogeneity  of  RT  because  the 
lnstrunental  response  is  always  made  froa  the  same  starting  position. 
Tone  bursts  (1000  or  3000  Hs)  of  100-msec  duration  constitute  warning  or 
dlscrlMlnatlve  stimuli  (HS  and  DS,  respectively).  The  HS  is  followed  by 
an  imperative  stimulus  (IS),  a  light,  which  indicates  to  the  nonkey  that 
it  can  obtain  reinforcement  by  making  the  appropriate  operant  response 
(a  bar-press  in  this  case).  The  lnterstimulus  interval  is  typically  1.5 
sec,  but  can  be  manipulated  for  experimental  reasons.  If  the  monkey 
releases  the  "hold”  position  any  time  before  onset  of  the  IS,  the  trial 
is  aborted  and  no  reward  is  available.  Correct  performance  allows  the 
monkey  to  receive  1  cc  of  an  orange-flavored  drink  (Tang*)  for  each  bar- 
press  made  during  the  12  sec  that  the  IS  remains  on  (usually  15-20  cc). 

The  DS  occurs  in  isolation— i. a.,  it  is  not  paired  with  any  other 
cue — and  provides  a  comparison  for  assessing  ERP  components  related  to 
the  associative  responses  elicited  by  the  HS.  Typically,  CNVs  are 
evoked  by  both  the  H8  and  DS  early  in  the  training  period,  but  later 
only  by  the  HS.  Thus,  this  paradigm  permits  assessment  of  the  develop¬ 
ment  of  associative  and  discriminative  events  in  several  regions  of  the 
brain  (Robert ,  1977). 

The  general  procedures  used  to  bring  the  monkeys  up  to  a  good  level 
of  performance  entails,  first,  training  then  to  press  the  bar  reliably 
for  juice  reward,  contingent  on  the  presence  of  the  IS.  The  monkeys  can 
be  trained  to  emit  relatively  short-latency  responses  to  the  IS  by 
having  the  IS  (and  the  availability  of  reinforcement)  terminate  after 
500  nsec  if  the  bar  has  not  been  struck  by  that  time.  This  training  is 
followed  by  the  introduction  of  the  HS  or  the  VS  and  DS  on  different 
trials. 


Instrumentation 

During  testing  sessions,  an  animal  la  placed  in  a  Plexiglas  primate 
cfcatr  that  la  houaed  In  an  electrically  ahlelded,  sound-attenuating 
chamber.  Preaaore  on  a  email  bar  mounted  on  the  *~ont  of  the  chair 
activates  a  metering  pump  through  which  the  liquid  reinforcement  la 
delivered  to  a  drinking  tube  placed  In  front  of  the  monkey ’a  mouth.  A 
lamp  In  front  of  the  monkey  constitutes  the  IS  when  lit.  Head  restraint 
la  accomplished  by  placing  an  Inverted  U-shaped  tube  over  the  monkey's 
snout.  Vertical  eye  movements  are  recorded  through  an  electrode  above 
one  eye.  These  recordings  are  primarily  precautionary  because  it 
appears  that  eye  movement  artifacts  are  not  picked  up  by  intracerebral 
electrodes  when  an  Intracerebral  reference  la  used.  That  possibility 
mas  alluded  to  by  Low  (1969)  and  was  shown  In  a  demonstration  of  human 
Intracerebral  recording  at  the  Burden  neurological  Institute  in  1973. 

Our  recordings  from  anesthetized  monkeys  indicate  that  when  the  eyeball 
la  mechanically  rotated,  an  artifact  appears  between  Intracerebral 
electrodes  and  a  scalp  reference,  but  it  does  not  appear  with  intra¬ 
cerebral  references  in  anterior  or  posterior  white  natter. 

During  the  previous  contract  period,  an  L8I-11/23  computer  system 
mas  Installed  and  software  was  written  to  implement  the  CNV  paradigm. 

The  configuration  of  this  system  Is  schematised  in  Figure  2.  It  con¬ 
sists  of  an  LSI-11/23  processor  with  extended  memory  (256  KB),  clock 
board,  analog-to-dlgital  converter  and  associated  direct  memory  access 
board,  a  digital- to-analog  converter,  contact  closure  detector,  latched 
open-collector  board  for  operating  external  devices,  a  30-MB  Winchester 
disk  with  associated  1-MB  floppy,  a  9-track  digital  tape  recorder,  and 
WT640  graphics  terminal.  Associated  devices  include  solid-state  tone 
generators  under  computer  control,  s  circuit  Interface  between  the 
computer  and  liquid  delivery  system  (A  Valcor  5P94R-7  metering  pump),  a 
gain  and  DC-offset  control  panel,  Indicator  panel,  H-P  model  7034A  X-T 
plotter,  and  TTY  Model  43  printer. 

The  Winchester  disk  is  used  to  store  programs  and,  temporarily, 
single-trial  data  during  testing.  At  the  end  of  the  test  session,  the 
single-trial  data  are  transferred  to  digital  tape.  The  floppy  disks  are 
used  to  store  waveform  averages  and  sunaary  statistics  of  behavioral 
data  for  the  session.  The  summary  statistics  are  printed  on  the  TTY-43 
printer  at  the  end  of  the  session,  and  waveform  averages  are  plotted  on 
the  HP  plotter. 
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FIGURE  2  SCHEMATIC  OF  COMPUTER  SYSTEM 

Th*  cantral  prooawlng  unit  to  a  digital  aquipmant 
corporation  Modal  LSI-11/23  with  axtandad  mamory 
and  Rotting  point  anhanoamant.  It'*  Q-Bm  back- 
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board*  to  oparata  parlpharal  davioa*. 
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la  preparation  for  surgery,  the  aookay  is  given  a  15-mg/kg  intra¬ 
muscular  (la)  doss  of  kataalns  hydrochloride,  a  rapid  and  short-acting 
anesthetic.  The  anlaal  Is  then  placed  in  a  stereotaxic  device;  the 
scalp  la  shaved  and  cleansed.  Halothana  gas  is  used  as  necessary  to 
aeiataln  anesthesia  after  aetabollsa  of  the  kataalne.  A  saall  dose  of 
atropine  is  given  to  control  aucoua  aaabrane  secretions.  Aseptic 
surgical  procedures  are  uaed  throughout. 

After  the  scalp  has  besn  reflected,  the  skull  is  thoroughly  cleaned 
and  the  sites  for  burr  holes  (to  be  drilled  for  insertion  of  electrodes) 
are  narked.  Boles  are  drilled  in  accordance  with  coordinates  determined 
from  an  appropriate  stereotaxic  atlas.  After  the  glass  pipette 
electrodes  are  lowered  to  the  proper  depth  and  cemented  to  the  skull, 
they  are  cut  approxiaately  5  as  above  the  surface  of  the  skull  and  the 
electrode  cell  is  attached  and  cemented  in  place.  Depth  electrodes 
consist  of  sharpened  0.7-na  O.D.  glass  pipettes  attached  to  a  larger 
glass  cell  containing  a  sintered  Ag-AgCl  pellet,  as  described  by  Rebert 
and  Irwin  (1973).  These  can  be  uaed  to  siaul taneously  record  SP  and 
aassed-unlt  responses  (Rebert,  1973a,  1973b).  Epidural  electrodes  are 
placed  into  saall  saline-filled  walls  of  acrylic  built  up  around  the 
burr  holes  and  are  caaented  into  place  by  floating  a  thin  layer  of 
acrylic  on  top  of  the  saline.  Following  attachment  of  electrode  wires 
to  a  self-locking  aultlpln  connector,  the  whole  assaably  is  encased  in 
an  acrylic  plug.  A  wide-spectrua  antibiotic  is  administered  postopera- 
tively,  and  triple  antibiotic  salve  is  placed  on  the  skin  around  the 
acrylic  head  plug. 


RESULTS 


Fttliiiattpr  1— ulf 

Six  adult  aala  cynomolgus  monkeys  (Macaca  fasclcularla)  were 
iaplantad  with  alactrodaa  following  an  extensive  pariod  of  training  to 
bar-press  only  during  tha  proaanco  of  a  light  and  to  hold  onto  a  ball 
prior  to  oaaat  of  tha  light  (tabart  at  al. ,  1983).  Elaetrodaa  ware 
placed  bilaterally  owar  praaotor  (arcuate  region),  aotor,  and  parietal 
cortlcaa,  in  tha  CA1  region  of  tha  hlppocaapua,  and  in  the  caudate 
nucleon,  substantia  nigra,  nidbraln  reticular  fornation,  and  nucleua 
ventralls  anterior  of  the  thalanua.  Rafaranca  alactrodaa  were  placed  in 
anterior  and  poeterlor  white  natter.  An  electrode  waa  alao  laplanted  in 
tha  auperior  bony  orbit  to  record  tha  electrooculogran  (EOG). 

These  nonkeys  were  nora  difficult  to  train  than  the  stuap- tailed 
nac aquae  used  in  previous  work  (Robert,  1972,  1977).  They  were  very 
persistent  in  asking  anticipatory  novenents  and  reluctant  to  nalntaln  a 
fixed  hand  position  during  tha  lntertrlal  intervals.  In  addition,  they 
ware  very  difficult  to  aotivate,  requiring  a  consistent  reginen  of 
tasting  and  receipt  of  their  total  dally  fluid  Intake  during  testing  in 
order  to  nalntaln  performance.  Currently,  the  nonkeys  are  being  trained 
under  a  wore  rigorous  and  automated  procedure  for  detecting  anticipatory 
responses.  This  training  is  Important  because  prenature  noveaent  from 
tha  resting  position  changes  the  nature  of  the  task;  l.e.,  the  tone 
bee ones  a  cue  to  respond  rather  than  a  cue  to  "welt"  (Donchln  at  al., 
1971). 


Several  perforaance  parameters  are  suanarised  for  five  nonkeys  (one 
monkey,  Vo.  6,  was  an  excessively  erratic  performer)  in  Table  1  for  two 
training  conditions.  Scores  obtained  when  only  the  light  cue — the 
imperative  stimulus*— was  presented  are  In  the  upper  portion  of  the 
table.  Scores  obtained  during  tone-light  pairing  are  in  the  lower  part 
of  the  table.  The  latter  scores  are  those  for  the  period  of  23 
September  through  19  October  1983  following  one  month  of  tone-light 
training. 

Tha  monkeys  would  work  for  250  to  300  al  of  Juice  each  day.  The 
percentage  of  bar-presses  made  during  ITIs  was  low,  averaging  about  10, 
which  reflects  the  previous  training  to  respond  only  during  the  presence 


-LIGHT  P 


;ef  the  18*  Most  of  ths  lntortrlsl  rsspoosss  reflected  the  continuation 
ofrsspoodlng  of  tor  ths  light  terminated  (usually  too  or  throe 
reepaoasa).  11m  rate  of  pressing  by  the  several  oonkeys  varied  froe  0.7 
tp  2.5/sec  and  was  eharaeteristie  of  a  monkey's  performance,  being 
stable'over  the  course  of  training.  Reaction  tine  averaged  1417  nsec 
when  no  tone  cue  was  present  and  945  nsec  after  tone-light  pairing. 

Ibis  shortened  IX  indicates  that  the  nonkeys  learned  to  associate  the 
tone  and  light.  The  current  average  IT  value  is,  however,  contaminated 
by  premature  responses  because  autonatic  detection  of  such  responses  had 
not  yet  been  implemented  during  these  tests.  The  percentage  of  trials 
aborted  reflects  sevsral  factors — excessively  alow  RTs,  experimenter 
aborts,  and— especially — prenature  responses.  Trial  rejects  due  to 
eleetxofhysiologlcal  artifacts  can  also  be  included  in  this  score,  but 
that  procedure  has  not  been  enployed  to  date. 


In  general,  performance  m  brought  to  a  stable  point  under  two 
conditions,  and  the  naln  factors  affected  by  introducing  the  tonal 
warning  cue  were  ths  number  of  anticipatory  responses  and  the  IT.  The 
tendency  to  make  prenature  movements  was  nore  prevalent  in  sons  nonkeys 
than  in  others,  but  IT  wus  shorter  in  all  cases  when  the  tone  cue  was 
than  when  it  was  not. 


Slactrophyslologlcal  recordings  were  obtained  from  the  left  pre¬ 
motor  and  motor  cortical  placements,  all  of  the  subcortical  electrodes, 
and  the  superior  orbit.  Rxmnples  of  roe ponses  obtained  from  one  monkey 
(Is.  3)  arm  shown  in  Figure  3.  The  106  Indicated  the  occurrence  of  a 
blink  shortly  after  tome  onaet,  with  a  downward  excursion  of  the  eyes 
reflected  by  elevation  of  ths  DC  level  during  the  lnterst inulus  inter¬ 
val.  A  waveform  similar  in  shape  to  the  IOC  waa  recorded  from  the 
arcuate  gyrus  In  ths  left  premotor  cortex  (LPMC).  Correspondence 
between  theee  two  records  was  sufficient  to  suggest  that  the  arcuate 
recording  was  primarily  a  passive  reflection  of  the  EOG.  However, 

the  arcuate  region  is  intimately  Involved  in  the  control  of  eye 
(Akert,  1964),  the  premotor  response  night  still  be  generated 


in  the  cortex.  Recordings  from  regions  anterior  and  lateral  to  the 
arcuate  sulcus  would  help  clarify  this  issue.  In  addition,  once  soft¬ 
ware  is  completed,  we  plan  to  capture  epochs  time- locked  to  spontaneous 
blinks  to  more  thoroughly  determine  the  effects  of  blinks  and  eye  move- 
mamts  on  brain  recordings.  Although  the  left  motor  cortex  (LMC)  wave¬ 
form  was  also  similar  to  ths  BOG  record,  the  initial  negative  peak  was 
eemparatlvely  small  and  occurred  later  in  tine  than  the  blink,  and  the 
stew  negative  shift  in  UfC  persisted  throughout  the  recording  epoch 
Chile  the  ROC  returned  to  baseline. 
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FIGURE  3  EXAMPLES  OF  EVENT-RELATED  POTENTIALS  RECORDED  FROM  SEVERAL 
BRAIN  REGIONS  OF  MONKEY  NUMBER  3 

EOG  “  Electrooculogram,  LMPC  “  Left  Premotor  Cortex  (arcuate  gyrus), 

LMC  ■  Left  Motor  Cortex,  MRF  ■  Midbrain  Reticular  Formation, 

SN  ■  Substantia  Nigra,  NVA  -  Nucleus  Ventral  is  Anterior  (thalamus), 

HIPP  -  hippocampus,  (CAI  region),  CN  ■  Caudate  Nucleus.  In  this  and 
other  figures,  averaged  waveforms  are  usually  based  on  fifteen  trials  and 
04)1  to  40  Hz  recording  bandpass. 


.  kV£fU  change  occurred  la  the  mldbraln  reticular  Conation  (MRP) 
Of  tor  onset  of  the  98.  A  30- iff  negative  shift,  poaklng  with  a  latency 
Of  me,  persisted  throughout  the  lnterstlnulus  Interval  and 

|it*Uasod  In  amplitude  after  onset  of  tbs  light.  This  pattern  was  very 
different  than  the  106  and  could  not  be  considered  an  artifact  of  eye 
movements  or  blinks,  do  alaost  Identical  response  was  obtained  fron  the 
UCbStsntlS  nitre  (Ml).  ▲  similarly  shaped,  but  smaller,  change  occurred 
4*  pita  ■nucleus  vaatralis  snterlor  (HVA).  A  slight  positive  ehift 
oeourrod  in  the  hippocampus  following  a  brief,  transient  negative  poten¬ 
tial.  A  trenslent  positive-negative  component  appeared  In  the  caudate 
nucleus  (CM)  of  this  monkey  without  any  definite  SP  occurring  during  the 
imterstlmalus  interval  on  this  recording  session.  On  the  average,  how¬ 
ever,  this  monkey  exhibited  a  small  negative  shift  In  the  CN. 

The  dose  correspondence  of  tha  BOG  and  arcuate  gyrus  vaveforas  was 
evident  in  other  monkeys  as  well,  but  there  were  a  sufficient  number  of 
differences  in  waveforms,  la  both  latencies  and  polarity  (e.g. ,  Figure 
4),  to  require  caution  In  attributing  the  arcuate  response  exclusively 
to  ocular  activity. 

Ivokad-poteatlal  vaveforas  from  other  regions  varied  moderately 
among  the  monkeys  [records  from  the  behavlorally  erratic  monkey  (Mo.  6) 
are  not  coneldered] .  Negative  SFs  wore  obtained  fron  the  IMC,  and  this 
response  was  invariably  smaller  than  that  observed  In  the  LFMC.  In  one 
nsakay  (So.  4),  the  IMC  response  was  sometimes  absent  or  even  positive 
rather  than  negative.  The  variety  of  waveshapes  obtained  from  the  LMC 
In  amanplifled  In  figure  5.  All  five  monkeys  exhibited  negative  SFs  In 
the  MOP,  ami  four  of  the  responses  (except  fron  No.  4)  started  with  a 
feet ■rising  negativity  like  that  Shown  in  Figure  3.  The  same  consis¬ 
tency  nun  trns  of  responses  in  the  8N,  with  all  but  one  response  (from 
•i.  4)  starting  with  a  fast  negativity.  In  three  of  the  four  monkeys 
with  good  Ml  responses,  amplitudes  were  about  $0  iff.  in  one  monkey  (Mo. 
2),  however,  the  response  reached  100  iff  during  the  lnterstlnulus 
interval  end  190  iff  shortly  after  the  light  appeared. 

Inconsistent  waveforms  were  obtained  fron  the  MV  A.  A  negative 
shift  with  a  fast  rise,  and  about  30  iff,  was  seen  in  three  monkeys,  and 
the  other  two  showed  little  or  no  response.  In  contrast,  small  positive 
8Ps,  with  amplitudes  of  about  12  iff,  occurred  in  the  hippocampus  of  five 
monkeys.  Slow-rising  negative  shifts  of  10  to  40  mV,  preceded  by  a 
brief  positive  component,  were  observed  in  the  caudate  nucleus  In  four 
of  the  five  monkeys. 

fully  developed  Ms  were  rarely  observed  in  the  lnterstlnulus 
Interval  whan  the  tons  was  first  paired  with  the  light.  An  example  of 
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FIGURE  4  DISSOCIATIONS  BETWEEN  SLOW  POTENTIALS  (SPS)  IN  PREMOTOR 
CORTEX  ANO  THE  EOG 

Upper  two  tracer  from  monkey  2  ihowing  earlier  development  of  SP  than 
EOG.  Lower  two  trace*  from  monkey  3  ahow  normal  potarity  SP  but 
ravarted  polarity  of  EOG  after  atropine  administration.  The  last  two 
tracings  compare  with  the  EOG  and  premotor  recordings,  which  are  alike 
In  Figure  3,  without  drug. 


Following  atropine  administration,  behavioral  performance  deterio¬ 
rated*  This  effect  was  clearest  in  teres  of  the  nuaber  of  acceptable 
trials  per  testing  session.  On  days  during  which  no  drug  was  adminis¬ 
tered,  the  subject  almost  always  met  criteria  for  an  acceptable  trial 
(i»  anticipatory  responses,  KF  below  cutoff  criterion,  etc.)  on  at  least 
15  trials  par  sassion.  In  contrast,  during  drug  tests,  15  acceptable 
trials  were  recorded  for  only  2  of  15  sessions  (5  monkeys  x  3  dose 
idaile)*  Overall,  the  mean  nuaber  of  acceptable  trials  per  session  for 
drag  trials  was  9.3.  There  was  no  effect  of  dose  level  on  this 
measure.  In  addition,  during  some  of  the  drug  trials  judged  acceptable, 
the  subjects  would  cease  responding  prior  to  offset  of  the  imperative 
stimulus.  This  was  particularly  true  of  one  monkey  (Mo.  5),  who  stopped 
responding  prematurely  on  11  of  15  acceptable  trials  at  the  0.3-mg/kg 
dose. 

The  percentage  of  bar-presses  during  the  ITI  Increased  from  a 
predrug  mean  of  8.6  to  an  average  of  16.5  over  all  drug  doses,  being 
largest  (19.6)  in  the  high-dose  condition.  Reaction  tine  was  not 
dearly  affected.  The  percentage  of  trials  aborted  Increased  from  the 
predrug  level  of  31  to  an  average  of  62  during  atropine  treatment,  the 
effect  being  comparable  for  the  three  doses.  The  number  of  reinforce¬ 
ments  was  290  and  141  par  session  in  the  baseline  and  drug  conditions, 
respectively. 

Four  of  the  five  monkeys  exhibited  unusual  behavior  during  testing 
on  days  of  drug  administration,  particularly  at  higher  doses.  This 
consisted  of  seemingly  nondirected  waving  of  the  limbs,  especially  the 
arms.  Movements  were  usually  rapid  and  "jerky."  The  monkeys  appeared 
to  be  agitated  and  would  grab  the  loose  end  of  their  restraining  collar 
and  swing  it  rapidly  back  and  forth,  or  push  outward  against  the 
chair.  Subjectively,  this  gave  the  impression  that  there  had  been  some 
release  of  behavior  from  normal  inhibitory  control  following  atropine 
administration,  which  was  consistent  with  the  Increased  nuaber  of  inter- 
trial  responses  and  aborted  trials. 

The  electrophyslologlcal  effects  of  atropine  were  highly  variable, 
depending  on  dose,  placement,  and  monkey.  Because  of  the  very  prelim¬ 
inary  nature  of  these  results  (this  was  basically  a  dose-finding  study), 
only  qualitative  description  of  the  effects  are  given.  Atropine  caused 
a  slight  Increase  in  the  premotor-cortex  8P  of  three  monkeys  at  the 
medium  and  high  doses,  had  no  effect  in  one  animal,  and  produced  a 
moderate  decrease  in  the  SF  of  the  fifth  monkey  at  the  high  dose.  In 
this  same  monkey  (Mo.  3),  the  medium  dose  enhanced  the  SP  in  the  motor 
cortex.  SFs  in  motor  cortex  were  also  slightly  enhanced  in  three 
additional  monkeys,  with  no  effect  in  the  fifth  (Mo.  1).  Monkey  Mo.  5 


ftUHM  a  clear  doee-response  function,  shown  in  Figure  8*  One  effect 
of  attain  on  the  euhetentie  nigre  end  retlculer  formation  wee  to 
latruass  die  else  of  the  rasponee  to  light  onset*  This  occurred  clearly 
in  throe  nonkeys.  Examples  era  shown  in  Figure  9. 

The  potentials  evoked  by  the  light  and  those  developing  in  the 
iaterstlaulue  interval  in  both  the  SN  and  MKF  appear  to  be  indepen¬ 
dent.  Is  Figure  6  die  post-inperatlve  response  is  well  developed  before 
the  interetieulus  potential  becoaes  sustained,  and  appears  to  be 
"covered  up”  by  the  inter stimulus  SP.  In  contrast,  as  shown  in  Figure 
9,  atropine  appears  to  "uncover”  the  post-inperatlve  response  by  at ten¬ 
anting  the  late retinol us  negativity.  Ho  conelstent  effects  of  etroplne 
ween  evident  in  recordings  froa  the  MVA  or  on  the  BOG.  In  one  nonkey, 
heuevsr  (Ho.  3 — no real  records  shown  in  Figure  3),  the  BOG  pattern  wee 
reversed  free  downward  to  upward  aove sente  by  the  high  dose  of  etroplne, 
but  the  premotor  recording  remained  essentially  normal — a  dlasociation 
Indicating  independence  of  the  cortical  recording  from  eye  movements 
(see  figure  4). 

In  the  Shove  described  work  wo  have  developed  an  almost  fully 
automated  system  for  studying  event-related  potentials  in  monkeys, 
performed  surgery  on  and  trained  six  monkeys  over  the  course  of  about  18 
meoths,  end  recorded  anticipatory  SPs  and  related  transient  responses. 
Very  preliminary  attempts  ware  also  made  to  record  massed-unit  activity 
ead  to  study  the  effects  of  the  cholinergic  blocking  agent  atropine. 

Some  outcomes  ware  similar  to,  and  some  different  from,  those  obtained 
in  earlier  related  research.  For  example,  the  waveform  elicited  from 
the  MHF — a  fast-rising  response — was  like  that  observed  previously 
(Hebert,  1972).  In  contrast,  the  positive  8Ps  expected  in  the  caudate 
nucleus  were  not  observed.  The  prediction  (Hebert,  1980b)  that  negative 
8Ps  would  be  recorded  froa  the  substantia  nigra  was  confirmed,  in 
general,  as  was  observed  before,  SFs  in  the  premotor  cortex  were  larger 
than  those  in  the  motor  cortex.  However,  in  the  present  monkeys,  there 
was  not  a  sharp  decline  in  the  response  upon  occurrence  of  the  impera¬ 
tive  stimulus.  This  night  be  related  to  general  deficiency  in  inhibi¬ 
tory  capability — perhaps  similar  to  the  perseveratlve  tendencies  of 
hymen  schlsophrenlcs,  who  also  exhibit  prolonged  SF  changes  following 
the  Imperative  stimulus  (Tlmsit-Berthler  et  al . ,  1976). 


Other  Experimental  Manipulations 

During  the  last  part  of  Tear  2  and  the  initial  aonth  of  Tear  3  of 
this  contract,  several  experimental  manipulations  ware  undertaken  to 
determine  their  effects  on  the  potentials  being  recorded  in  the  standard 
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FIGURE  0  EFFECTS  OF  ATROPINE  ON  SUBSTANTIA  NIGRA  AND  RETICULAR 
FORMATION  RESPONSES  DURING  THE  INTERSTIMULUS  INTERVAL 
AND  TO  ONSET  OF  THE  IMPERATIVE  STIMULUS 

Tha  imtrttlmului  slow  potential  was  reduced  and  tha  port-imparative 
paak-to-paak  amplituda  am  enhanced  at  a  function  of  tha  doaa  of  atropina. 


ftltdlp.  Only  a  summary  la  provided  bar*  aa  tha  data  have  not  yet  been 
systems t ically  evaluated. 

Discrimination  tralnlna.  The  neutral  or  dlacrlainatlve  atlaulus 
(08)  wa  added  to  the  paradlga.  He  expected  to  obaerve  SP  responses  to 
this  tone  during  a  few  days  of  tasting,  with  subsequent  extinction 
because  tha  atlaulua  la  not  paired  with  the  light  that  Indicates  avail- 
ability  of  reward*  Our  bright  aonkey  exhibited  this  distinction  alaost 
leead lately,  whereas  the  others  showed  only  minor  or  no  discrimina¬ 
tion.  To  facilitate  this  development,  the  proportion  of  the  DS  was 
Increased  to  SOX,  which  eventually  lad  to  the  development  of  discrimina¬ 
tion  In  tha  other  monkeys.  The  discrimination  appears  to  have  occurred 
first  la  tha  subcortical  structures,  as  was  observed  in  a  previous 
experiment  ( Saber t,  1972).  This  paradigm,  with  varying  proportions  of 
stimuli,  is  similar  to  tha  oddball  task,  and  we  plan  to  compare  the 
waveforms  obtained  with  tha  50Z  vs  80Z  DS  conditions,  with  the  aim  of 
identifying  a  P300  analogue. 

Variation  of  tha  lntaretlmulua  Interval.  Because  the  monkeys  had 
beam  trained  for  a  long  time  on  tha  sane  lnterstlmulus  interval.  It  was 
changed  from  1900  msec  to  1000  and  2000  msec  on  alternate  days  (all 
three  Intervals  were  used)*  This  added  uncertainty  about  tha  temporal 
relationship  between  stimuli  appeared  to  enhance  the  SP  responses,  but 
quantification  of  tha  responses  will  be  required  to  confirm  this 
impression* 


Mmlnl stratlon  of  atropine.  Because  the  cholinergic  projection 
from  the  n*  besalls  to  cortex  has  bean  Implicated  In  tha  genesis  of 
cortical  potentials  (Plrch  at  al.,  1983),  tha  cholinergic  antagonist 
atropine  sulfate  was  Injected  la  at  0*2  or  0.3  mg/kg  on  Tuesday  and 
Prlday  for  two  weeks .  Saline  was  administered  on  Thursday.  Monday  was 
considered  a  retraining  day  following  tha  weekend,  and  Wednesday  a  post¬ 
drug  recovery  session,  lacordings  were  obtained  on  all  weekdays. 

Because  atropine  severely  disrupted  behavioral  performance,  there  were 
few  trials  on  which  to  base  evoked-potential  averages,  so  we  are  In  the 
process  of  developing  a  program  to  average  across  test  sessions.  In 
addition,  methyl  atropine,  which  does  not  readily  cross  the  blood-brain 
barrier,  la  now  being  administered  to  determine  the  extent  to  which  the 
behavioral  disruption  was  some  consequence  of  peripheral  mechanisms 
(a*g«,  alteration  of  tha  taste  of  the  reinforcement). 


STUDIES  AT  STANFORD  UNIVERSITY 


This  Motion  io  divided  into  two  ports*  Ths  first  port  deals  with 
studies  thst  worn  in  progress  st  Stanford  University  (SU)  when  Air  Force 
Contract  F49620-82-R-0016  to  SRI  becane  effective,  studies  thst  could  be 
completed  because  of  funds  provided  to  SU  frow  thst  contract.  The 
second  part  describes  new  studies  undertaken  with  the  aid  of  the  SRI 
contract  in  conjunction  with  subsequent  funding  to  SU  froe  the  Office  of 
■aval  Research*  Both  parts  describe  experiments  undertaken  as  an  aid  In 
understanding  brain  function  In  cognition  by  analysing  the  electrical 
potentials  evoked  in  uonksys  while  they  are  solving  problems . 


Tart  I:  Automatic  vs.  Controlled  Processing 

Four  monkeys  were  trained  to  respond  in  a  variety  of  cognitive 
tasks  in  a  computerised  testing  device,  the  Discrimination  Apparatus  for 
Discrete  Trial  Analysis  (DADTA).  Various  forms  of  this  device  have  been 
successfully  used  since  1960  to  train  monkeys  to  solve  problems  (e.g., 
Gutcomb  at  al.,  1971).  The  current  version  consists  of  sa  Apple  II 
color  graphics  microprocessor-controlled  television  display  fronted  by 
nine  Individual  translucent  panels  and  a  liquid-reinforcement  delivery 
system*  This  version  allows  the  recording,  by  s  POT  11/34,  of  event- 
related  brain  electrical  potentials  to  be  collated  with  the  recording  of 
presses  of  a  panel  and  with  the  presence  or  absence  of  a  reinforcing 
event* 

Three  different  displays  were  preMnted  to  the  monkeys.  One 
display  consisted  of  a  green  square  appearing  In  pseudorandomlsed 
positions  among  eight  red  diamonds*  Rewarding  the  presses  of  the  panel 
on  which  the  green  equare  appears  constitutes  a  simple  task  readily 
learned  by  the  monkeys.  This  display  (matched  for  Identical  luminance 
and  contour  among  cues)  Is  "disjunctive"  because  none  of  the  features 
that  differentiate  correct  from  incorrect  cues  are  present  In  the 
Incorrect  cum.  Problem  solution  appMrs  to  be  Independent  of  the 
number  of  background  cues,  suggMtlag  thst  solution  proceeds  by  virtue 
of  parallel  processing  In  a  fairly  automatic  fashion. 

A  second  display  consisted  of  a  green  square  appearing  in 
peeudorandonlsed  positions  among  green  and  red  diamonds  and  red 


mgm tip.  Ijiii,  the  display*  were  matched  for  luminance  and  contour. 
Maw,  fcwmr,  tha  foaturaa  that  distinguish  the  correct  cue  are  also 
jMtSsat  ;in  the  Incorrect  cues*  Reward  is  determined  by  the  "conjoining*' 
of  hech  greenness  sad  squareness  in  the  green  square.  Solution  of  this 
ptUjblam  Is  sensitive  to  the  number  of  background  cues  and  is  eore 
difficult  than  in  ths  disjunctive  task.  React ion  tines  are  longer, 
suggesting  that  serial  search  of  tha  display  occurs. 


The  monkeys  were  tested  dally  with  a  trlal-to-trial  nix  of  the 
disjunctive  and  conjunctiva  displays.  Bach  nonkay  had  implanted  none 
twelve  bipolar  electrodes,  which  recorded  the  electrical  activity  evoked 
tp  the  displays  and  the  monkeys'  responses  to  those  displays.  Electrode 
Ottio  were!  primary  visual  cortex,  prestriate  cortex,  posterior  lnfero- 
tsnpsral  cortex,  anterior  lnferotemporal  cortex,  parietal  cortex, 
precentral  motor  cortex,  and  far  frontal  cortex.  Recordings  were 
bipolar  from  surface  to  depth  (approximately  2  an). 


Recsuas  the  variables  "disjunctive"  and  "conjunctive"  were 
confounded  with  task  difficulty,  a  third  display  set  was  devised  in 
which  the  nsnhsr  of  features  defining  the  background  cues  was  Increased 
without,  however,  replicating  the  features  that  defined  the  correct  cue, 
which  remained  the  green  square.  Thus,  the  background  cues  consisted  of 
white  circles,  red  diamonds,  and  blue  triangles.  The  task  consisting  of 
thin  disjunctive  display  did  prove  to  be  more  difficult  than  the 
original  disjunctive  task  and  the  difficulty,  as  measured  by  number  of 
trials  to  learn,  was  approximately  tha  asms  as  that  of  the  conjunctive 


On  some  days,  the  more  difficult  disjunctive  task  was  presented  to 
tha  moUkeys  la  a  mix  with  tbs  easier  disjunctive  task,  and  on  other  days 
in  a  mix  of  trials  with  the  conjunctive  task.  Brain  electrical 
recordings  were  again  made  and  collated  with  the  record  of  the 
behavioral  data. 


A  preliminary  analysis  of  the  data  was  based  on  dividing  the 
recorded  epoch  of  one  second  Into  4-msec  bins  and  performing  an  analysis 
of  variance  for  repeated  measures  with  latency  bln  and  cortical  location 

as  the  Independent  variables. 

This  preliminary  analysis  showed  that  when  the  features  that 
characterise  tha  displays  are  matched  for  color,  luminance,  and  contour, 
mo  differences  are  obtained  between  the  disjunctive  and  conjunctive  task 
performances  la  ths  potentials  evoked  in  the  primary  visual  cortex, 
differences  are  recorded,  however,  in  both  lnferotemporal  and  far 


gjQUtal  MCltMM  sad  «MM  differences  eppeer  In  the  later  (300  to  500 
partisan  of  the  recorded  potential  changea. 

the  analysis  aleo  shoved  that  Increases  In  the  difficulty  of  the 
3§tft  produced  bp  Increases  in  the  nuaber  of  features  In  the  display 
ftiUrttad'  la  differences  la  the  potentials  evoked  in  the  prlaary  visual 
djybiO;  «a  veil  as  those  recorded  f ran  the  inf erotenporel  end  the  far 
fvea&cl  cortex*  Thus,  the  prelialnary  pass  through  the  data  suggest 
that  the  author  of  features  being  processed  is  reflected  In  the 
electrical  activity  of  the  prlaary  visual  cortex ,  whereas  processing  of 
'tasks  aero  difficult  involves  the  lnferoteaporal  and  far  frontal 
intrinsic  portions  of  the  brain. 


Hera  sophisticated  analyses  vers  not  possible  at  the  conclusion  of 
these  experiments  because  of  United  funds  and  facilities.  On  the  besis 
of  these  prelialnary  results,  however,  support  for  further  research  was 
obtained  from  the  Office  of  Naval  Research. 


Subcortical  Events  Related  to  P300 


-  Of  the  several  transient  potentials  of  the  brain  associated  with 
ths  perception  and  processing  of  environmental  events,  the  P300 
"component*  (a  coaplex  of  late  positive  waves)  Is  the  nost  clearly 
associated  with  cognitive  events.  This  "component*  seeas  to  reflect 
only  the  general-information  properties  of  stimuli  and  is  uninfluenced 
by  lnfoxaatlenally  irrelevant  physical  characteristics  or  by  specific 
behavioral  response  requirements  (Pritchard,  1981).  These  characteris¬ 
tics  have  aade  the  P300  complex  particularly  relevant  to  the  evaluation 
of  workload,  to  the  general  field  of  blocybernatlcs  (e.g.,  Donchln  et 
al.,  1982),  and  to  clinical  research  on  cognitive  disorders  (Hlllyard 
and  Katas,  1983).  Consequently,  an  interest  in  obtaining  a  aore  com¬ 
plete  understanding  of  the  Intracerebral  sources  of  the  P300  complex  has 
developed  (Calaabos  and  Hlllyard,  1981).  However,  to  date  the  results 
of  research  provide  only  hints  about  the  electrogenesis  of  tbs  P300. 

>0r  example,  Helgrea  et  al.  (1980)  recorded  P300-like  activity  in 
amygdala  and  hippocampal  gyrus.  Wood  et  al.  (1980)  noted  the  lack  of 
polarity  reversals  of  P300-lika  events  in  depth  recordings  above  the 
hippocampus,  and  Okada  at  al.  (1983)  concluded  froa  magnetic  field 
reeoedings  that  the  P300  is  generated  in  anterior  hippocampus.  On  the 
other  hand,  Johnson  (NIMH,  personal  communication)  has  recorded  the  P300 
coaplex  from  human  patients  with  hippocampal  lesions,  and  Tingling  and 
gssobwchl  (1984)  presented  evidence  for  a  dorsal  thalaalc  generator. 


ClMtlj,  thtit  is  little  concrete  evidence  locelislng  the  sources  of  the 
vfSiil  phenomenon,  end  invasive  studies  in  sninsls  ere  necessary  to 
diitfify  Ads  issue. 


were  subjected  to  surgicel  procedures  for  this 
Ote  smfcsgr  nos  used,  to  explore  ths  use  of  Bouden's  technique 
(unpublished  nsnsscript)  to  improve  the  accuracy  of  piecing  deep 
Steel cedes,  fun  noofceys  were  iaplsntsd  with  en  errey  of  electrodes 
Wttheet  using  Inwisn's  corrections.  In  Mscecs  fesclculerls  the 
relstlsnshlp  between  internel  brsin  nuclei  end  the  bony  structures  used 
Is  dw  stereotaxic  coord inete  systen  ere  highly  variable.  Internel 
busin  structures  esn  deviate  ee  nuch  as  1/2  cs  fron  the  locutions 
in  eg  Sties.  Bowden  noted  thet  the  eccurecy  of  electrode 
could  be  grsetly  improved  by  injecting  en  X-rey  opeque  dye 
Intend  ventricle  end  visuelislng  the  saterlor  end  posterior 
Osecdinstes  could  then  be  derived  for  esch  enlnel. 


nds  procedure  wns  et tempted  in  one  monkey.  The  monkey  wes  given 
HI  (13  mg/kg)  ss  s  preenesthetlc;  the  heed  wss  sheved  end 
Hsl  pieced  in  the  stereotexic  freme.  Helothene  wes  given  to 
Ihs  Shin  wns  incised  end  re tree ted.  The  underlying  fescle  wes 
ludleed  end  retracted  to  expose  the  top  of  the  skull.  The  periosteum 
ever  ths  erne  to  be  drilled  wss  removed,  enterior  17.0  cm  from  Horsley- 
Osrk  0.  At  this  locution  e  smell  bole  wes  drilled  through  the  bone. 

Id  un  letersl  to  the  midline.  The  dura  wss  exposed  end  Incised  end  e 
smell  oemmule  wns  introduced  through  this  hole  Into  the  brsin.  At  16  un 
Into  the  brsin,  cerebral  spinal  fluid  wss  seen  to  flaw  from  the  cannula 
with  slight  negative  pressure.  A  portable  X-rey  machine  wes  positioned 
SO  Inches  from  the  monkey.  Metrlsod.de,  a  water-soluble  X-rey  dye,  was 
Injected  into  the  ventricles  through  the  lnplanted  cannula  and  the  X-ray 
shots  were  taken  es  the  dye  wss  being  Injected. 


Ths  resultant  X-ray  film  clearly  outlined  the  lateral  end  third 
ventricles.  The  anterior  commissure  was  visible  as  a  protrusion  near 
ths  base  of  the  third  ventricle,  anterior  and  dorsal  to  the  pituitary 
stalk.  The  posterior  commissure  was  much  herder  to  visualise.  The 
contrast  outlining  ths  skull  wes  not  sharp,  demonstrating  some  movement 
ef  the  X-ray  gun.  A  better  system  of  fixing  the  X-ray  source  will  have 
to  be  found.  An  X-ray  exposure  30  Inches  fron  source  to  flla  gives  a 
Skull  magnification  of  1.2.  A  slightly  higher  magnification  of  the 
skull  can  be  gained  by  noving  the  source  of  the  X-ray  further  fron  the 
skull.  This  night  help  to  increase  the  visibility  of  the  posterior 
commissure.  An  exposure  tine  of  1/2  second  longer  would  also  help  to 


flmllii  thli  structure.  This  is  especially  true  for  smell  monkeys  (3 
tgt  er  lees}*  »wwmt  this  emphesises  the  need  for  e  better  errengsment 
tff  holding  the  X-ray  source.  A  ruled  greting  should  be  pieced  between 
the  film  emd  the  skull  such  that  the  X-ray  film  would  have  imposed  on 
tile  exposure  an  accurate  grating  to  measure  distance  of  the  nuclei  from 
the  eeneale  end  the  anterior  commissure.  A  pair  of  proportional 
dividers  would  than  allow  an  accurate  representation  of  the  scale  of  the 
f iKi  io  the  sections  in  Samantha  and  Bourna's  atlas.  More  pilot  work 
was  deemed  necessary  for  use  of  this  technique,  which  was  not  used  as  a 
•aide  for  implanting  electrodes  in  the  two  monkeys  currently  in  the 


Urn  monkeys  were  prepared  for  implantation  of  a  bilateral 
eynmetrieel  array  of  electrodes  in  deep  structures  of  the  brain  across 
the  cortical  surface,  lack  animal  was  prepared  for  sterile  surgery  with 
a  preanasthetic  dose  of  ketamine  hydrochloride  (15  mg/kg);  the  head  was 
chewed  and  cleaned,  and  the  monkey  wee  intubated.  Halothane  was  given 
to  effect,  and  the  monkey  mao  placed  in  a  Kopf  stereotaxic  frame. 
Transcortical  electrodes  were  placed  in  the  prefrontal,  pramotor, 
temporal,  perietal,  and  occipital  areas.  A  vertical  bundle  of  four 
electrodee  each  was  placed  in  the  head  of  the  caudate,  amygdala,  lateral 
thalmaus,  and  hippocampus.  The  electrodes  were  cemented  in  piece  with 
dental  oomomt.  On  hardening  of  the  cement,  the  electrodes  were  crimped 
to  «  30-pin  connector  (one  connector  for  each  hemisphere).  Two  of  the 
vertical  electrode  arrays,  in  amygdala  and  hippocampus,  surrounded  a 
central  cannula,  and  these  connulaa  were  brought  out  to  small  metal 
holders  osmeatsd  to  the  Skull.  (These  chemodes  are  used  to  infuse 
pharmacologic  agents.)  The  electrode  connectors  and  chemode  holders 
WON  them  embedded  in  dental  cement.  When  the  dental  cement  was  dry, 
the  scalp  wound  was  freshened  and  dental  debris  was  removed.  The  wound 
was  cleaned  and  a  topical  bactericide  was  applied.  Where  necessary,  two 
sutwrea  were  placed  to  close  portions  of  the  skin  wound.  The  monkey  was 
then  returned  to  its  cage  for  recovery.  A  regimen  of  antibiotic 
(chloranpheaacol,  50  ng/kg)  was  given  the  nonkey  for  a  10-day  period 
after  surgery. 

Procedures  and  Insults 

Pour  monkeys  have  been  placed  in  a  training  regimen.  All  monkeys 
mill  accomplish  a  two-part  program— a  pro training  or  shaping  phase  and 
an  experimental  phase,  leo  monkeys  have  been  trained  in  the  general 
shaping  phase  and  have  proceeded  to  the  general  experimental  phase.  The 
ether  two  are  nearing  the  completion  of  the  general  shaping  phase  and 
should  ha  ready  for  surgery  during  July  1984.  Bach  monkey  is  considered 
shaped  when  the  monkey  can  generate  8SX  correct  responses  over  ten 
consecutive  days. The  monkeys  respond  to  a  green  square,  which  changes 
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JWtlttM  naitalj.  During  *  "puiivt"  oddball  paradigm,  the  square  will 
ba  rbd-  0*  morions  proportions  of  tha  trials.  Subsequently,  an  active 
discrimination  task  sill  be  implemented.  The  monkey  is  under  a  24-hr 
mater- deprivation  regimen.  Tha  mom key  racalvea  1  ml  of  liquid  Tang*  per 
mbtrntt  reaponaa  and  la  given  one  hour  of  meter  after  completion  of  the 
experiment  and  food  ad  lib.  Behavioral  parameters  are  printed  after  the 
emf  at  '  the  session. 

The  tun  mookaye  that  have  had  surgery  are  currently  being  run  in 
the  standard  experimental  program,  which  calls  for  the  monkey  to  make 
MO  correct  responses  over  a  day's  run.  The  location  of  the  stimulus  is 
wagjapr  a  Cellatmas  aeries  and  is  sufficiently  long  that  tha  monkey  cannot 
Inarm  dm  sequence.  Tha  Gellerman  sarlaa  is  changed  daily.  A  variable 
intertrial  Interval  is  used  to  ensure  that  tha  monkey  cannot  anticipate 
presentation  of  a  trial.  A  4- second  BBC  epoch  is  obtained;  each  trial 
starts  290  msec  before  the  stimulus  appears  and  lasts  through  the  4 


Significant  difficulty  mss  encountered  in  tha  amount  of  60-cycle 
noise  preeent  in  the  BIG  signal,  and  it  is  likely  that  a  sat  of  high- 
impedance  amplifiers  will  be  required  as  interface  between  the  animal 
and  Grass  amplifiers. 
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FLAKS  FOR  THE  COMING  YEAR 


The  ftw  mU  ejaowl|tM  monkeys  now  being  studied  will  be  further 
SWSleStad  with  refect  to  the  effecte  of  other  pharaecologlc  agents — 
'C4*g*»  Any  arias  agonists  end  antagonists)  to  determine  whether  we  can 
elicit  the  caudate  positive  alow  potantlal  previously  observed. 


...  Wtfeeali  atony  tailed  uacaquea  now  In  quarantine  will  also  be 
''Studied.  To  facilitate  their  training  while  the  other  monkeys  are  being 
tested,- -S  fnmmndnra  VIC-20  microcomputer  la  being  progranmed  to  present 
record  behavioral  responses.  Because  of  problems  encoun- 
tered  with  the  use  of  sharpened  pipettes  for  electrodes,  we  plan  to  use 
;^f^i*iginoK '  eesherpened  design  la  tha  funp- tailed  macaques  to  Insure 
condition  ere  comparable  to  earlier  studies  wherein  extremely 
reheat  alow  potentials  were  observed,  Including  large  responses  In  the 
ecuiata*  Hat  Impression,  supported  by  the  opinions  of  several 
veterinarians,  la  that  the  cynomolgus  monkey  is  not  as  Intelligent  as 
'OtfK;-:  earieties  of  macaques.  He  expect  to  observe  the  caudate  response 
Areer '  steap-talled  macaques,  and  this  rfllcation  might  imply  that  the 
peasltls  facias  (or  sex)  difference  In  performance/ lntalllpence  is 
.telstSi  to  activity  la  the  striatal  system. 
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